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Abstract 
The paper presents a laboratory test bench specifically designed for sea wave generation systems. In particular a 
DC Micro Grid is realized to experimentally validate the energy performance of a PM Brushless ball screw actuator, 
during motor-regenerative operative conditions, which is representative of an oscillating body wave generation 
system. The proposed architecture is based on a DC bus, which features the integration of renewable energy sources 
and buffered storage systems, with the aim of smoothing the natural power fluctuations of wave energy generation 
systems. The wave generation is simulated in laboratory by controlling an electric motor, which is directly coupled 
with the PM brushless generator. The experimental validation phase is mainly devoted to verify the design criteria of 
the architecture scheme and the control strategies of the power fluxes related to power converters.  
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1. Introduction 
Nowadays most of the world energy production is based on fossil fuels, which are responsible of  huge 
atmospheric concentrations of green house gasses (GHG) and in particular of carbon dioxide. This 
scenario, coupled with a predictable increase in world energy consumption, has led the interest towards 
more sustainable energy generation technologies mainly based on renewable energy sources. The energy 
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extracted from the sea waves is one of the most promising renewable energy for its power density, 
availability and persistence in comparison to other renewable sources [1, 2]. In this regard, different 
technologies and prototype have been proposed whose application mainly depends on water depth, energy 
conversion system and location (shoreline, near-shore, offshore). One of the most common classifications 
of these technologies is based on their working principle and identifies the following wave conversion 
systems: Oscillating Water Column (OWC), Overtopping and Oscillating Bodies. 
The OWC Systems are realized with a submerged structure which is based on a column open at the 
bottom, on the water surface side, and with an air turbine at the top. The oscillating motion of the internal 
free surface, produced by the incident waves, realizes a compression of the air inside the column which 
moves upward and hits the turbine that drives an electric generator. In the overtopping systems the wave 
crest is captured and stored at a level higher than the surrounding water surface. The potential energy of 
the stored water is then converted into electric by means of hydraulic turbines. In the oscillating bodies 
technology the electric power conversion is realized taking advantage of the kinetic energy transmitted by 
the sea waves to the oscillating bodies [2, 3]. 
Recently different offshore wave generation devices have reached the full-scale demonstration stage 
and they are generally realized by means of oscillating bodies, either floating or fully submerged. On the 
other hand the active power of these energy generation systems is characterized by strong fluctuation and 
may not satisfy the requirement for a proper integration in the main grid [4]. 
In this paper the attention is focused on a specific application of oscillating body system, whose 
working principle is based on the vertical translation of a floating buoy connected to a PM Brushless ball 
screw actuators. The sea wave generation system is then integrated in a laboratory DC micro-grid, with 
buffered storage systems properly designed to compensate the natural fluctuations of this kind of 
renewable energy sources. 
2. Modeling and Simulation Results 
A matlab-simulink model, based on the SimPowerSystems library, is realized for the simulation of the 
laboratory test bench, in order to carry out preliminary evaluations on the performance of the proposed 
generation system. The model is based on a DC Bus architecture, which is obtained by the main grid 
trough an AC/DC bidirectional converter. The DC bus is connected, by means of a DC/DC bidirectional 
converter, to a lithium capacitor storage system which can work as energy buffer. The energy conversion 
from the sea wave energy into electrical energy is realized by means of a PM generator, which supply the 
electric energy to the DC bus trough a three-phase diode rectifier. The main simulation parameters of the 
PM generator are reported in Table 1. 
Table 1. Main Characteristics of the PM Generator 
Stator Phase 
Resist. Rs [Ω] 
d axes Induct. 
Ld [H] 
q axes Induct. 
Lq [H] 
Voltage Constant 
KV  [V/rpm] 
Torque Constant 
KT [Nm/A] 
Nominal Speed 
n [rpm] 
Pole Pairs 
0.269 0.00698 0.00373 1.336 11 600 10 
The control of the Generator is performed by means of a speed profile, which takes into account the 
typical profile of sea waves [1]. In particular, for a single point of the wave profile, the position y can be 
calculated with the equation (1): 
2siny vt x          (1) 
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Where β is the sea wave amplitude in m, v is the propagation velocity in m/s, λ is the wave length in m, 
t is the wave cycle time in s. The speed profile can be calculated as the derivate of (1) with the following 
equation (2): 
2 2cosdy v vt x
dt
        (2) 
This value of speed is then converted in rad/s in order to set the equivalent speed profile for the PM 
Generator, taking also into account the proper speed conversion ratio which is related to the rated speed 
of the PM generator. 
In Figure 2 some preliminary simulation results are shown, which report the PM generator speed and 
the rectified generated current for a specific wave profile, for a DC bus Voltage setting of 550 V. 
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Fig. 2. (A) PM generator speed and (B) rectified generated current for a specific wave profile 
3. Micro-Grid Laboratory Test-Bench  
A laboratory test bench has been realized in order to carry out an experimental analysis on the PM 
brushless ball screw actuator, during motor-regenerative operating conditions, integrated with stationary 
energy storage systems in a distributed micro-grid power architecture. The main scheme of the laboratory 
test bench is reported in Fig. 3.  
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Fig. 3. main scheme of the laboratory test bench with DC Bus Microgrid(A), Energy Storage Buffer (B), PM Generator (C) and Sea 
Wave Simulator (D) 
In Particular a DC Bus is realized by means of a 25 kW AC/DC bidirectional converter connected to 
the low voltage three-phase AC grid. In this case, that power converter has been properly set in order to 
run in regenerative mode with a DC bus voltage of 550 V DC. The energy storage buffer system is 
realized with a 32 F lithium capacitor (LiC) module, composed by 72 prismatic cells, which is connected 
to the DC bus through a 200 A DC/DC bidirectional converter [5]. The wave generation is simulated in 
laboratory taking advantage of an electrical PM motor, directly coupled with the PM brushless generator, 
controlled to perform a specific working cycle corresponding to the related wave speed profile. 
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4. Conclusions 
This paper reports preliminary evaluations on a test bench for the integration of sea wave energy 
generation systems and energy storage buffers in laboratory DC micro-grid. 
Preliminary simulation results have shown the expected behaviour of the PM generator for a specific 
wave profile. On the basis of the results and the design criteria evaluated during the simulation phases, a 
laboratory test bench has been realized in order to perform, as future work, an experimental analysis on 
the performance of the sea wave generation system in distributed DC micro-grid application. 
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